We investigate the evolution of superconducting properties by doping non-magnetic impurity in single crystals of YNi 2-x Pt x B 2 C (x=0-0.2). With increasing Pt doping the critical temperature (T c ) monotonically decreases from 15.85K and saturates to a value ~13K for x≥0.14. However, unlike conventional s-wave superconductors, the upper critical field (H C2 ) along both crystallographic directions a and c decreases with increasing Pt doping. Specific heat measurements show that the density of states (N(E F )) at the Fermi level (E F ) and the Debye temperatures (Ө D ) in this series remains constant within the error bars of our measurement. We explain our results based on the increase in intraband scattering in the multiband superconductor YNi 2 B 2 C.
There has been an increase in interest multiband superconductors in recent years after the clear elucidation of multiband superconductivity 1 in MgB 2 arising from the π and σ bands. The simplest form of multiband superconductivity arises when electrons on different Fermi sheets in the same metal have different electron-phonon coupling strength leading to different sheets on the Fermi surface exhibiting different superconducting energy gaps (∆). When the sample is in the clean limit, spectroscopic measurements on such a system reveal different superconducting energy gaps and different superconducting transition temperatures (T c ) on different Fermi sheets.
Of particular interest in multiband superconductors is the evolution of the superconducting properties when one drives the system towards the dirty limit by substituting with non-magnetic impurities. In a conventional s-wave superconductor, non-magnetic disorder results in an increase in electronic scattering rate and decrease in the electronic mean free path (l). This results in a decrease in the coherence length and consequently an increase in the upper critical field 2 (H c2 ) is observed. The T c on the other hand is not affected by non-magnetic impurities 3 unless the impurities result in a modification of the electronic or lattice properties, e.g. density of states at Fermi level (N(E F )) or the Debye temperature (Θ D ). In contrast, the situation in multiband superconductors is more complicated. For multiband superconductors in the clean limit, the band with strongest electron phonon coupling governs the bulk properties such as T c and H c2 .
Substitution of non-magnetic impurities results in intraband scattering of electrons on individual
Fermi sheets as well as interband scattering of electrons between different Fermi sheets. The former has an effect similar to conventional superconductor for individual bands, whereas the latter causes the bulk properties to be governed in the dirty limit by an average property of all the electrons instead of being governed by those with strongest electron-phonon coupling strength.
Therefore, the evolution of T c and H c2 for a multiband superconductor with substitution of nonmagnetic impurities is governed by a complex interplay 4,5 of interband and intraband scattering.
In particular, H c2 need not necessarily increase with increase in electronic scattering. The evolution of H c2 is a multiband superconductor with impurity is therefore a matter of considerable interest.
In this paper, we study the evolution Single crystals of YNi 2-x Pt x B 2 C (x=0.02, 0.06, 0.1, 0.14 and 0.2) were grown by the traveling-solvent floating-zone method using an image furnace. X-ray powder diffraction using the crushed YNi 2-x Pt x B 2 C single crystals were performed to determine the lattice parameters. Xray profiles were analysed through Rietveld refinement using the FULLPROF program. A homemade high frequency (15KHz) planar coil a.c susceptibility setup was used to determine the critical temperatures (T c ) of these samples. The critical fields (H C2 ) along two crystallographic directions a and c was determined using the same set up down to 2.2K and magnetic fields up to 8.5T. Specific heat measurements in the superconducting and normal state were carried out in a Quantum design Physical Properties Measurement System at zero field and at 9T respectively, over the temperature range 2-25K.
X-ray diffraction analysis reveals that pure YNi 2 B 2 C has tetragonal lattice structure with lattice parameters a= 3.52Å and c= 10. in YNi 2-x Pt x B 2 C has to be analyzed beyond single band scenario.
To understand the variation of H c2 with Pt doping we have to take into account the multiband nature of superconductivity in YNi 2 B 2 C. Spectroscopic measurements using DPCS on YNi 2 B 2 C single crystals 12 in the clean limit revealed that the presence of at least two groups of electrons on two different Fermi sheets, for which the superconducting energy gap and T c vary by a factor of 5-6. Comparison with band structure calculations 13 indicate that the 1 st group of electrons are on a "square-pancake" Fermi sheet (SPFS), whereas the 2 nd group of electrons are on a cylindrical Fermi sheet (CFS). In the clean limit, the bulk T c coincides with the 1 st group of electrons with higher T c . DPCS studies in the clean system indicates that H c2 is also determined by the electrons on the "square-pancake" Fermi sheet 12, 4 since the superconductivity on the other Fermi sheet is rapidly suppressed under the application of a magnetic field. Since the "square pancake" Fermi sheet is very anisotropic, for the clean system without significant interband scattering the H c2 (0) will be given by equations (1) and (2) where ∆ and v Fab and v Fc have to be replaced by the ones corresponding to the "square pancake" Fermi sheet. In such a system, addition of impurities would result 5 (i) in an increase in intraband scattering within each Fermi Sheet and (ii) an increase in interband scattering between the two Fermi sheets. The first effect will increase the bulk H c2 governed by the coherence length of the electrons on the "square pancake" Fermi sheet, whereas the latter would decrease the superconducting energy gap (and H c2 ) on the "square pancake" due to the influence of the cylindrical Fermi sheet. The rapid decrease of <H c2 > with increase in Pt doping suggests that that the second effect dominates over the first one in the doping range of this study. This is expected since both the "square pancake" values of x and the subsequent leveling off for x>0.14 supports this scenario.
In summary, we have investigated the effect of impurities on H c2 by studying a series of References:
